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Chapter I
INTRODUCTION
Recognizing, as a result of much study and re-
search done in the past, that there is a direct
relationship between heart rate and physical condi-
tion, it is with this thought in mind that there may
also be a high degree of relationship between heart
rate and endurance.
’’Johnson and Brouhalhave shown that the pulse
rates as taken in the Step Test have a significant
relation to blood lactate. Men with lower pulse
counts after strenuous exercise develop less blood
lactate. This verifies the general theory that the
cardiac nervous system is a reflex apparatus which
automatically regulates the rate of the heart accord-
ing to the carbonic acid content of the blood. As
men train in mile running, their buffer mechanism im-
proves, and they develop less carbonic acid tension
for a great effort, hence give slower pulse rates for
T
A. W. Johnson and Lucien Brouha, "Pulse Rate,
Blood Lactate and Duration of Effort in Relation to
Ability to Perform Strenuous Exercise," Rev. Canad
de Biol
. (Febo, 194.2).
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the same effort* With faster running, the pulse
rates recuperate faster because of better and im-
proved respiration.”
In this study we will be dealing with two
types of endurance and correlating individuals’ test
scores rather than attempting to show a relationship
between one person's score and another's. The first
type of endurance is termed muscular and consists
of a relatively great amount of strength being de-
manded over a relatively short period of time. The
other is cardiovascular endurance and may be thought
of as being quite independent of the muscular type
of endurance. It is more closely associated with
physical condition than it is with the strength of
skeletal muscles.
The army used a variation of the Brouha Step
Test to determine the physical condition of con-
valescent soldiers before sending them back to ac-
tive duty* It consisted of taking the normal resting
pulse rate for one minute, administering the test,
recording the pulse rate after the test and noting
the length of time it took for the heart to return
to normal* Norms were established, and they ruled
that a person whose heart failed to return to normal
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within a certain period of time was unfit for active
service
.
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"The ability of the heart to do work over the
ordinary requirements of the resting state of the
body is called its reserve power."
V/hen the heart muscle itself is diseased, it
may be so greatly weakened that it cannot, even at
maximal dilation, contract forcibly enough to main-
tain efficient circulation. The signs of heart
failure then ensue—breathlessness and the appear-
ance of a bluish tint of the skin, especially of the
lips, ears, and fingertips.
It is nov; generally accepted that a healthy
heart cannot be strained by overwork. Athletics,
even of a strenuous nature, do not injure a normal
heart. On the other hand, if a person with valvu-
lar, coronary or other organic cardiac disease in-
dulges in strenuous muscular exercise, serious in-
jury may result.
Marey’s law states that the heart rate is in-
versely related to the arterial blood pressure; in
other words, a rise or fall in the arterial blood
^
^Charles H. Best and Norman B. Taylor, The
Living Body
, p. I4S.
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pressure causes, respectively, slowing or accelera-
tion of the heart.
Brainbridge ' s Reflex is a name given to the in
crease in heart rate which results from a rise in
venous pressure.
It is generally believed that among normal
people a low resting pulse and systolic blood
pressure, a small increase in both due to moderate
exercise and prompt return to normal are character-
istic of persons in superior physical condition.
^
"Human beings tend to operate at a psychologi
cal limit rather than a physiological limit in re-
leasing power to act, but what they can do is un-
believably extended under excitement, desperation,
and the like."
The post-exercise pulse rate and the increase
due to exercise is the most promising indication
of those who are in superior physical condition.
2"In the light of the relatively scanty evi-
dence available, most of it unpublished, it would
^Hilda Kozman, Rosalind Cassidy, and Chester
Jackson, Methods in Physical Education
, p, 32.
^Charles H. McCloy, Tests and Measurements in
Health and Physical Education
,
p. 134.

seem that endurance of this type is a function not
only of strength hut of potential velocity of the
heart .
”
An individual might run the 60-yard dash in
6.4 seconds. If he were able to maintain this
speed for the 220-yard dash and run it in 21 seconds,
his endurance would be considered excellent. But
if his time were 26 seconds, his endurance would be
poor. For a second individual who might run the
60-yard dash in no faster than 8.0 seconds, a
record of 27 seconds in the 220-yard dash would be
fast and would indicate a high degree of endurance..
l”If fatigue is carried on to the point of
absolute exhaustion, the cells do not recover. The
protein constituents of the fibers coagulate, ex-
hibiting the phenomen known as rigor mortis. Rigor
mortis occurs in muscles from ten to seven hours
after death.
^Miller’s study on the effects of various
cadences in the step test indicated an increase in
^Diana Kimber, Carolyn Gray,_and Caroline
Stackpole, Textbook of Anatomy and Physiology
,
p. 120.
%aldo A. Miller, "The Effects Upon Pulse Rate
of Various Cadences in the Step Test," Research
Q,uarterly (Dec., 194-6) •

pulse rate which was quite marked from cadences 16
to 27 per minute but tended to level off from 27
to 33 steps per minute o This shows that an in-
crease in speed and effort on the part of an in-
dividual will result in a rapid increase in pulse
rate up to a certain point, and then the relationship
between pulse rate and effort becomes less as the
organism approaches its maximum reserve power.
Purpose
This study will fill a gap in needed research
in the field of athletics whether the results shov/
a perfect correlation or the other extreme of none,
or if it indicates any degree of correlation between
the extremes. There have been many studies in which
the step test has been employed and others where
endurance has been of the main interest, but as yet
there have been no studies which attempt to shov\r a
relationship between the two.
The findings of this study may be of value
to track coaches if it is found that there is a
high degree of relationship between the increase in
pulse rate as determined by the Brouha Step Test and
endurance. The coach might use this test to screen
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potential distance runners to determine whether or
not they are physiologically suited to this activity<,
Selection of Subjects
Track athletes selected for the test are
candidates for distance events on the Lowell High
School track team. These events include candidates
for the 600
,
800, 1000 yards, and one mile events.
Some of them are of proven ability because of
their performance as members of the team in previous
years, and others have never done any competitive
running before*
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Chapter II
PROCEDURE OF THE STUDY
The tests were administered on the first day
the indoor track candidates were called out in order
that a relationship between pre-practice condition
and practice condition might be noted. [jThe results
in all cases, however, will not be valid since some
of the candidates were members of the cross-country
team and were in training and in fine condition pre-
vious to the indoor season. /These persons will be
discounted in terms of indicating pre-practice and
practice condition.
The study extended over a fourteen week
period v/ith the test being administered at two
week intervals*
After dressing into their track uniforms,
candidates selected for the experiment were ad-
ministered the Brouha Step Test before exercising
so that the normal resting pulse rate was obtained.
The Brouha test consisted of taking the normal
resting pulse rate after ten minutes of resting in
8
.* fjA Jj'K'f j ‘”" * I, " , • K * *'.; ,' % '^ ‘
\i 1
t'
i'» j
I
\ >. 4
. .. 4;^:• '•
.^A
•M'
"
U
\ t-
SJtO .! r,
^ - •
Ik
**4’S
Yfaj^a, sorr 'io
>n'
y
'Ctib 4'6'tit «xU ao £»©i958Jtifii!icl!0 f*i6w aj-eerf ©riT
*
’ 7
.
•
z&b*io nl( 4Jii< 5ti^aa ®^6w «©cr^fa?bii!3o MofeU loobni ofldt^
HblbibxiOo ©sicrot^iq-^aiq ciei^w^sd q-tdano1^6.19% a
., if
'j: '^ % ..I'fl
aSLva.e^^ affr
^
,,09^0x1 ©d jr(3.ti:- ifoUiMuo £0©
_
_
4
ojRoa eortie ®<J •J'Ofi Hi?? 5'£9Vo»vod
^
seajBO- UT^r ai
vT:lTtt;oo-eao*LO sdd^'l.o aisdkfen ae^Bblba&o lo
s/ V V:/*! '•'- y
-e'lq 'COid‘i6iioo ©iaT: ai i/ft« r,iiifli;'<4T:d’ ni oTew i)ca 'mte^
9d XliR* r.jioaa©q eae-xf,'*' .noefiee lo/pbiil sxfJ' awoiv
' » % ' ' • .
I;m- axfrt&v'< ni. fjs^^iuioosi'fe
.'
- vir “.. '•>^ia» . fT0i;^/•6fi04:'
'
.
»
'
^0tw iidfiiiaa'i s lovo i>9jjiie^jca'
ji
5’.-'
.' i
ovi^ ia taibiBiiiXfaisxs j^niad icdi ddiw bori^q
A -' '’' " ^ ' T - ''' •>
'
' "
’*1 ' Jp “ . •»
,. oXsvTf.ednx 490W
Ifljcurtoiiiui jt.obld! liaiii odxii gnxaoa/iJi led’lA^ “
,
-ba »'x&vv sdi 'iG’i badoaiaa oeiadit'/iao
sniaioiaxa oTtclad ie©? qci'd cciyioT-ti ..&©.‘xx?ia-xrlw
.berrlaodo sJaT. ©sXxiq ^iiasi Isfii-ioii odd daild-. 6e
i^npd'.' ajtl4 ^ja;4^a;f' Ip naiftiaaoo iae^J" 'feflat'xU oifl'
. iit
al srioaLP'i l5 a&&Dniai t\ai itid^£ ssXuq :-uii^aeT;
,
'•*,
^
i' '/.I'l -.'jn- ' .
,
'.
^^
. .If .
t:
. I A
the sitting position and recording it. Then the
subject stepped up and dovm thirty times a minute on
a twenty inch platform. The exercise is continued
for five minutes unless the subject stops from ex-
haustion before the termination of that period. The
score is indicated as the increase from the rest-
ing pulse rate and the rate after the test has been
administered.
The score was not recorded for any boy who
failed to complete the test or if the cadence was
broken or interfered with in any way.
A stop watch was used to indicate the time, and
the cadence was counted by the administrator, since
a metronome was not available. Since a cadence of
thirty times a minute was used, it necessitated the
boy’s stepping up and dovm at a rate of once every
two seconds, and the aount was up, down, up, dovra,
etc, at a rate of one a second.
The test was administered in a closed room so
that extraneous influences would be eliminated as
much as possible.
The criteria used to indicate each individual’s
endurance ratio is his best time for the 100-yard dash.
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Since in very short races so much depends
on the ability of runners to get a good start and
distances over 100 yards are influenced by the element
of endurance, it was decided to use the time for the
100-yard dash as a criteria for computing the indiv-
idual’s endurance index. It is believed by the writer
that this distance is the best indication of the
individual’s greatest speed in running.
Each boy was given at least three opportunities
on different days to run the 100-yard dash in order
that the individual’s best time for the distance
could be determined.
After allowing the boys to rest and warm up
follov\ring the administration of the Brouha Step
Test, they ran 1000 yards against the clock, and the
time at which they passed the 400, 600, 800, and 1000
yard marks v/as recorded. Each of these times was
divided by the time they had previously turned in
for the 100-yard dash and totalled. The
greater index number indicates a greater drop-off
in time from the individual’s greatest speed which
was indicated by this 100-yard dash time. The
lower index score indicates less drop-off in time
from the individual’s maximum speed, and it can be

said that the runner with the lower index score has
greater endurance. We attribute this drop-off in
time from the maximum effort as achieved in the 100-
yard dash to the influence of fatigue, and it is
termed endurance*
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Chapter III
ANALYSIS OF DATA
Case I
This subject was a member of the cross-country
team and was in training at the time the indoor
candidates were called for practice. In view of
this he will not be considered in terms of indicating
physiological changes in pre-practice and following
practice conditiono
On December 16, 194B, an increase in pulse
rate of 32 beats per minute v/as recorded as a re-
sult of the Brouha Step Test, and an endurance in-
dex of 35*63 was found*
The pulse increase was unusually high and may
be attributed to a two week lay off between the end
of cross-country practice and the indoor season.
The endurance index at this time was quite
good in view of the subject's relatively slow per-
formance in the 1000-yard run. This is due to his
slow 100-yard dash time which v/as used as a divisor
and indicates his maximum speed*
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On December 30, 194-B, the pulse increase was
less than that found on the previous test, and the
endurance index was greatly improved.
On January 13
,
1949
,
the pulse inicrease
due to the test was higher than on the previous
test, and the endurance index was poorer. This may
be attributed to a lay off in practice during the
Christmas vacation at which time no practice was
scheduled for almost two weeks.
On January 27, 1949, less increase in pulse
rate and improved endurance index was again re-
corded.
On February 24
,
1949
,
a similar improvement
was recorded over the previous testing.
As a result of the March 3, 1949, testing,
an improvement in endurance index was found, but
an increase in pulse rate as a result of the step
test was recorded. This finding is contrary to the
results of the previous testing and goes unexplained*
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Case II
This subject was also a member of the cross-
country team and will be discounted in terms of
indicating pre-practice and follovi^ing practice
condition#
The subject was the winner of the 1000-yard
run at the interscholastic meet held at Northeastern
University and was also New England interscholastic
champion in the same event. This accounts for his
unusually good endurance index, and it appears that
his increase in pulse rate as a result of the
Brouha Step Test is exceptionally low#
On December 16, 194S, an increase in pulse
rate of 16 was recorded, and his endurance index
was 34 -SA-.
On December 30» 1948, an increase in pulse
rate of only 10 beats per minute was recorded.
This was also accompanied by a decided improvement
in his endurance index#
On January 13, 1949, an increase in pulse
rate was recorded over the previous testing, and
also a poorer endurance index was found. This
may be attributed to a two week period at Christmas
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time in which no practice was scheduled.
As a result of testing on January 27, 194-9,
and February 10, 194-9, progressive decrease in
pulse rate was found, and also progressive improve-
ment in the endurance index was recorded®
On February 24, 1949, the pulse rate showed
an increase as a result of the test, and the endur-
ance index was poorer than on the previous testing.
On the final testing administered on March 3,
1949, a decrease in pulse rate was again shown,
and a corresponding improvement in the endurance
index was recorded
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Case III
On December 16, 194-B, an increase in rjuise
rate of 40 was recorded, and the endurance index
was 36046 .
A decrease in pulse rate was recorded on
December 30> 194B, and an improved endurance in-
dex was also indicated.
On January I 3 , 1949, however, an increase
in pulse rate was found with a corresponding
increase in the endurance index. This indicates
poorer performance but is probably a result of
a two week period in which no practice was held.
On February 10, 1949, a lower pulse in-
crease was found than on the previous testing
which was accompanied by an improved endurance in-
dex.
There was an increase in pulse rate indicated
on February 24, 1949, and a poorer endurance in-
dex over the previous testing, which is in keeping
with the theory behind this study.
The decrease in pulse rate as recorded on
March 3, 1949, and the poorer endurance index
are contrary to the theory upon which this study
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Case IV
This case corroberates the belief which
prompted this study; that is, a decrease in pulse
rate as a result of the step test will be ac-
companied by greater performance on the part of the
athlete in endurance running.
There is, however, one break in this case,
This occurred on January 27, 1949, when an increase
in pulse rate of two beats per minute was re-
corded over the previous testing. At this time,
continued improvement was found in the endurance
index
.
This boy was completely inexperienced in
competitive running; at the first of the season but
progressed rapidly so that at the close of the
season he was considered one of the better per-
formers of the team. This is indicated by steady
improvement in the endurance index, which was
4-0,20 at the beginning of the season and was 35»H
at the time of the last testing.
The pulse increase as a result of the step
test also shows remarkable change. The increase
was 44. beats per minute on the first testing and
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time of the last testing date*
KPvV’. " ',
^
^
....rr
Mn ' ' ,,,:
'’“’ p
!#'' t
erUt 7.0 ,’ieclim^ Biriifr 'JXerf-enoV.-aoftif^, e£4f‘' •
*i IT
^
e4‘efc sfilitBe J' <d[cfel ^ d^- I'o,'. emid’
'sv»:
v-'i^ J ^•-.•
fvf. .1
'm
'••il '*»?V 7.V
»
.
• /i
<** I
'7 .1 ^ • J
tff, V , /}• ',
f-. ..:i '.•
:v
y t»
i!
,.
v;
It
'V t '• !* >,'f
'
't
'
'^''
‘:'v
'j.f ’1®^,, ..V ‘''0k
{;
:> jf/f;:*" - v- * 4®'r-'«vi!'v*v3^ -W/i.' '^'.* 4?
1
i
" ?
#|r^^# pesi
:•=
'Jr,-: • ..,
»
'•V'
.
’
•
.
»•, »' .t
'
.
" ,
).• .->1 *
‘ r
•
•
.< r • ' V. • . . • i • •
'a
•. »•
Bv
fik
j ... .W
\>- l' -
-
'
'
t* \ 1
- '1^'', y:y,
>-,P
1^..
. J;. . . ' / . v..'r_.>'4i Jy'?IVfW?lT Xmui r'.t
.
T '
'
•I'V'iiiL
24
r
-
- —^ •
V
T ' — ' *
1 '.y
1
•
i 1 • 1 ••
fr\
• V -
« .> • . • • • c-
-
'*
-
.' /^ i > ,
t
-T
r-o
_---
,
t.-
‘
-A
j
. V-
1
!
1
* Cj 1 i rtj \
.
\r
.
1—>
,
y-
.
r- 1 -, . 'X. •
J
•
I
‘
1
1
J
'
> . 1 '/!-:./
1
<
.
I-' 1 - 1 ;
'•• h- r «
-I ' i
_ ^
i
.1
I
1 1
• ;j 1 . ; ’ o 1' i c> )
> . * • ,
• * so .
r~ ; t " -O : . ; . •
\
i
1
*
1 f
1
,x
'
i V 1
«
:
'
'
'
./
. . . . .
.
C '
V > 1" t • t.-' : •.
-
'
1
!
!
i
1
: t
> 9
• <
. i . <
r, t- 1
y'l
S'
I
y
1
i
!
i
Case V
On December 16, 1948, an increase in pulse
rate of 48 was recorded as a result of the step
test, and an endurance index of 39o38 was found*
The next testing period, which was conducted
on December 30> 1948, showed a decrease in pulse
rate of 6 beats per minute and was accompanied
by improved running and better endurance index*
The results of the next testing, conducted
on January I 3 , 1949, brought much the same find-
ings as the previous test. There was a decrease
in pulse rate and an improved endurance index*
On January 27, 1949, a decrease in pulse rate
of 8 beats per minute was found over the previous
testing. This is I 6 beats per minute less than
was indicated at the first testing period* The
endurance index found at this time also indicates
improved running over previous testing.
On February 10, 1949, the pulse increase as
a result of the step test was the same as on the
previous test and was accompanied by a slight
improvement in the endurance index*
The results of the February 24, 1949, testing
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are interesting in that poorer running was ac-
companied by an increase in pulse rate over the
previous testing* The pulse increase over the last
testing period was 6 beats per minute, and the
endurance index was considerably poorer than was
found on the previous test.
Improvement, or decrease in pulse rate, was
found on March 3> 1949, and an improved endurance
index was also indicated, which was comraensurate
with the theory that prompted this study.
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Case VI
On December l6, 194-8 > a pulse increase of
44 beats per minute was recorded as a result of the
step test, and an endurance index of 37»79 was
found
.
On December 30, 1948, an increase in pulse
rate of 2 beats per minute over the previous test-
ing was recorded and was accompanied hy a slight-
Ijr poorer endurance index.
Considerable improvement was found on the
next testing date (January 13, 1949) in the en-
durance index, and there was a marked decrease in
pulse increase due to the effects of the step
test upon the heart.
Similar improvement continued on the next
test which was administered on January 27, 1949-
The pulse increase was 4 less than on the previous
test, and there was an improved endurance index.
Continued improvement in running was re-
corded on February 10, 1949, and the pulse increase
due to the step test was less than previously
found o
On February 24, 1949, a marked decrease in
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pulse rate was recorded and was accompanied by
nominal improvement in running and endurance in-
dex.
There was an increase of 2 beats per minute
in pulse rate on the final testing, which is rela-
tively insignificant, and an improved endurance in-
dex was. recorded
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Chapter IV
SUMvIARY aInTD CONCLUSIONS
The results of this study are not applic-
ahle to secondary school boys as a whole but
rather to varsity candidates or potential endur-
ance runners on secondary school track teams.
The number of cases studied is too few to
warrant definite conclusions. The fact that
subjects selected for the study represent boys
with considerable native ability excludes the
use of the findings from the middle and low
ability groups. The conclusions stated indicate
general trends only and are applicable only in-
sofar as the cases studied are representative.
This study clearly shows a high degree of
relationship between a decrease in pulse rate as
a result of the Brouha Step Test and improved run-
ning of 1000 yards.
It can be said that if tv;o athletes of
relatively equal ability in endurance running
were subjected to the step test and the pulse
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increase of both was recorded, the one showing the
least increase due to the exercise would win in
actual competition.
Thus, if a coach has a large group of
potential runners and can only use a few of them
at a particular time, the step test would serve
as a useful device in selecting those who are at
present better suited to endurance running. As
was previously stated, there are many things that
effect pulse rate, and on this basis we can say
the athlete who exhibits a low pulse increase
due to the standardized step test is better
suited physiologically, all other things being
equal, to participate in distance running.
There v^as vast improvement in all the in-
dividuals’ performances in running during the
season as a result of practice, and this
accompanied almost without exception by a de-
crease in pulse rate as indicated by the step
test
.
The three exceptions to this rule in forty-
two test results cannot of course be pinned dov^n to
specific causes, but they may have resulted from
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emotional or physiological upset which could not
be controlled or diagnosed by the administrator*
A wide variance was found in the resting
pulse rate and increase due to the effect of the
step test. The lowest resting pulse rate recorded
was 70, and the lowest recorded after the exercise
was 9O0 The highest resting pulse rate recorded
was 96, and the highest pulse rate recorded follow-
ing the step test was I30. This shows a variance
of 26 beats per minute in individuals before the
test was administered and a variance of 40 beats
per minute following the administration of the
Brouha Step Test.
It is because of this wide difference in
individuals’ pulse rates that we cannot compare
one individual vath another. This clearly shows
that what is normal for one may be quite abnormal
for another. The only indication we might have
of showing abnormal pulse rate in this study would
be an instance wherein an individual showed
marked variance in pulse rate over previous findings.
There are none of these marked changes
recorded in this study
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Extremes of Endurance Index Recorded V/ith
Accompanying Pulse Increase Due to the Step Test
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In the preceding chart V'je can readily see
that in the extreme scores for all cases there is
a considerable decrease in pulse rate which is with-
out exception accompanied by improved endurance.
It can be said that the testing methods
utilized in this study and their findings are not
indicative of endurance ability of high school
boys when it is used for selecting, from a random
sampling of boys, those who are best suited for
participation and training in events of endurance.
This test can be employed to indicate present
physical condition in relation to activity re-
quiring a high degree of endurance. The priiv.ary
reason for this is because as men train, their
physiological functioning improves and hence
give slower pulse rates for the same effort.
V/ithout training, the pulse increase as in-
dicated in the Brouha Step Test will remain
high. The pulse rate, therefore, is not a good
indicator of potential ability of a boy but may
serve a useful purpose in determining present
physiological condition.
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Case I
Peter Toohey
99 Orleans Street
Lowell, Massachusetts
Age 17—Height 66”—V/eight 11?
Case II
Julian i'lroz
59 Pulton Street
Lowell, Massachusetts
Age 18—Height 6?"—Weight 135
Case III
Bruce Baxter
57 South Highland Street
Lowell, Massachusetts
Age 18—Height 72”—Weight 158
Case IV
Raymond Armstrong
204 Wentworth Avenue
Lowell, Massachusetts
Age 16—Height 69s”—^V/eight I 65
Case V
James Pawlowski
573 Lawrence Street
Lowell, Massachusetts
Age 17—Height 71”—^V/eight I70
Case VI
Charles Tewksbury
28 V\findsor Street
Lowell, Massachusetts
Age 17—^Height 69”—V^eight I55
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